INTRODUCTION
During peak glacial time 20,000 to 14,000 years ago, the Earth was a very different place. Not only was it colder and more ice covered, but it was dustier and poorer in greenhouse gases. About 14,000 years ago a change occurred which created conditions more akin to those of today. Broecker and Denton [ 1989] postulate that this change was brought about by a reorganization of the entire ocean-atmosphere system. If so, then it is important to learn as much as possible about the manner in which the system operated during glacial time. Fortunately, a wealth of information regarding the patterns and rates of large-scale circulation in the ocean is available in deep-sea sediments.
To date the most definitive information in this regard comes from cadmium to calcium ratios in shells of benthic foraminifera [Boyle and Keigwin, 1987; Boyle, 1988a] . These results reveal that during glacial time the pattern of circulation was much different than today's. The nutrient constituent maxima which in today's ocean lie at intermediate depth were shifted toward the bottom. The strong contrast between the nutrient content of deep water in the Atlantic and Pacific observed in today's ocean was smaller during glacial time.
Although not a recorder of any specific change in ocean operation, the lower CO2 content of the glacial atmosphere can only be explained through a major change in the interaction between the sea's mixing In this paper we present new radiocarbon results which broadly support the conclusions reached in previous papers and which overcome the uncertainties associated with the previous results from the tropical Pacific.
RESULTS
We use as a criterion for validity of each benthicplanktonic age difference measuremere that agreemere exist (at the 20 level) between the ages obtained on two separate species of planktonic foraminifera. The logic behind this strategy is that neither the averaging of discordant planktonic results nor the arbitrary selection of one result over the other is likely to produce a reliable estimate of the benthic-planktonic age differ- Table 2 . The age differences obtained for glacial time from those five cores are summarized in Table 3 . A complete listing of results from these cores (including abundance data) have been published by Broecker et al. [ 1988b Broecker et al. [ , 1990a .
For [1990] show that during peak glacial time a discrepancy of about 3200 years exists between the radiocarbon age and the radiothorium age scale. For example, a coral , 1987] . Also shown are the levels at which benthic-planktonic age differences were determined. At the left are the horizon ages (i.e., mean planktonic age -400 years). At the fight are the age differences. 
IMPLICATIONS FOR GLACIAL CIRCULATION
In order to gain some insight as to how the deepwater radiocarbon ages depend on mixing rates, we employ our Pandora "something like the real ocean geochemical model" [Broecker and . For this exercise we have converted the interbox transfer fluxes used previously into seven circulation loops (see Figure 8) . In this way we can alter the magnitude of any one of the loops without having to concern ourselves with conserving water, for in this loop scheme the water fluxes are automatically balanced. In addition to the seven loops shown in Table 5 ). The dashed line labeled "G" marks the flux at which the age of deep water in the Atlantic is reduced by a factor of 2.
•3C and 14C distributions in the sea would change sympathetically as the advective strength of NADW changed. As shown in Figure 10 One further complication must be considered. The •80/160 records for the Greenland ice cores suggest that millennium-long events punctuated the climate of the northern Atlantic region during much of glacial time [Dansgaard et al., 1982] . A likely cause for these oscillations is the turning "on" and "off" of deepwater production in the Atlantic [Broecker et al., 1985 [Broecker et al., , 1990b . If such alternations were occurring during the time period covered by our measurements (i.e., 13,000 to 19,000 years ago) then because of bioturbation we would obtain the average of the age of Atlantic deep water during the "on" and "off" parts of the cycle. For example, if the age during the "on" part of the cycle were 350 years as during Holocene time, then the age during the "off" part of the cycle would have to be considerably greater than 670 years. Indeed, since the time for a half cycle is about 1000 years, it is possible that a steady state of radiocarbon distribution was not achieved.
CONCLUSIONS
The results presented here suggest that the ratio of the radiocarbon age of deep water in the Pacific Ocean to the radiocarbon age of deep water in the Atlantic Ocean was smaller during glacial time than today. Taken together with the nutrient distribution reconstruction for glacial time, this result suggests that the mixing zone between North Atlantic Deep Water and waters in the Antarctic moved well northward from its present position at 30 ø to 40øS in the Atlantic. 
